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PYELITIS IN INFANCY

Suppuration of the urinary organs, especially of the
kidney, is mentioned by most of the ancient physicians, Hippocrates, Galen, Aetius, and others.

It was not until the days of

Rayer, however, that a distinction was made between suppuration
of the kidney proper and that of the pelvis.
Rayer (l) in 1837 described for the f:i.rst t:hne the entity that is now known as pyelitis, namely, inflammation of the
pelvis of the kidney.

He also pointed out that the inflammation

frequently spread from the pelvis to the substance of the kidney,
or from the infected kidney to the pelvis secondarily.

Hutten-

brenner (2) in 1876 was one of the first to call attention to the
disease in infancy and childhood, and much of the description of
the disease which he made at that time may be found in our modern
textbooks.
Seventeen years later Hirschsprung (3) alluded to the
ailment, and in the following year, 1894, Escherich (4) again
called attention to the common occurrence of pyelitis in infants
and children, particlllarly in girls.

Because the colon bacillus

was found so often to be the causative factor, he called the condition colicystitis.

From this designation it is seen that

Escherich, and later Trumpp (5), considered the infection to be
principally in the bladder.

This view, however, on later inves"/:;i-

gation, proved to be erroneous, and from the works of Fin..1{elstein
__

(6), Heubner (7), Holt (a), and many others, it has been demonstrated quite conclusively that, in the majority of cases of
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pyuria, there is son involvement of the pelvis of the kidney.
The relatively low mortality rate of pyelitis has made
a study of the seat of infection difficult until recent times.
With the improvement in cystoscopes, ureteral catheteriza-tion of
infants became possible, and it has been shown by Hinman (9),
Kretschmer and Helmholz (lO), and others that in cases of pyuria
there is usually an inflammation of one or both of the kidney
pelves.
Pyelitis may be defined as an inflammation of the pelvis
of the kidney, manifested by the presence of bacteria and pus in
the urine.

The infection is usually

ca~sed

by a member of the

colon group of organisms, and clinically is marked by fever, pallor, and the absence of other clinical symptoms.
Except for common colds and gastro-intestinal disturbances of infancy, pyelitis is one of the commonest diseases of
childhood.

In eight years of experience Goppert (11) found that

pyelitis made up about 1.2 per cent of his entire practice.

Smith

(12) estimates that it comprises about 1 per cent of all cases
seen by pediatricians.
Pyelitis has been rightly termed as a disease of the
diaper age, for beyond this it is usually a more serious disease,
al'though much less common.

It is most often encountered during

the second and third quarters of the first year and is rather rare
in the first six months (13), although there is a very definite
type which occurs in the first ten days of life, as described by
Smith (12), Kovalesky (14), and Moro and Helmholz (15).
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The general frequency .of pyelitis makes it difficult
te knew whet;her there is a familial tendency te the disease.

He lm-

helz (16) mentions .only .one definite instance .of a family .of six,
feur girls and two boys.

Each of the girls in tUI'n de'veloped

pyelitis during the first twe years .of life; in each instance the
disease ran a stermy course and cleared up gradually.
Escnerich (4) was the first te point .out the great
prevalence of pyelitis in girls, and varieus .observers have described frem 57-100 per cent of cases in girls; Friedenwald (17),

72 per cent; Abt (18), 95 per cent; Bex, 95 per cent; Geppert (11),
89 per cent; Thompsen (19), 79 per cent; Still (20), 88 per cent;
and Kewi-I;z (21), 57 per cent.

Viewing these figures, there can be

ne doubt that the commen celen bacillus pyelitis, during the diaper
age, is mere

ce~nen

in girls than in beys.

The mere severe infec-

tions .often associated with lesions .of the kidney (cortical abscesses) are as common in beys as in girls; this is true alse fer
perinephritis.
In congenital cases the equal distribution .of sex, and
in some instances the predeminance of infectien in baby beys, is
neted in the literature.
literature, qu.otes

Conrad (22), in a recent review .of the

Keva~sky

Runge, and Finkelstein.

and Mere, R. M. Smith, Helmholz,

He added three cases that he had .observed.

Sauer (23) reported fifteen cases frem six to twenty-eight days .of
age.
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There are two definite periods of the year when pyelitis seems to be more common:

in the winter, when it follows in-

fections of the upper respiratory tract, and in the summer, when
it is associated with gastro-intestinal disturbances.

The in-

fections, whether during the summer or winter, are in most instances due to the colon bacillus (24).
As far as is known at present there is no natural immunity to the disease.

Its frequency as a complication of extra-

urinary infection would make it appear that only after the natural
immunity of the urinary passages is lowered is infection likely to
take place.
Harkness (25), studying pyelitis from the fQc. of infection viewpoint, states that, since there is lacking a definite means
of measuring the so-called resistance of an individual and as to
whether the child with some form of kidney infection is susceptible to a certain focus, that focus should be removed empirically
in the hope of making a break in the chain that is responsible for
the faulty metabolic condition.

This, he claims, would prevent,

to a large extent, secondary involvement of the urinary passages
after their natural immunity had been lowered.
The predisposing factors may be considered under two
headings (IS):

(I) pyelitis which is primary in infants and

children, and (2) pyelitis which complicates a great variety of
ailments affecting practically any of the other systems of the
body_

It must be assumed that retention is the most important

factor in infection.

Retention may be due to stones, valves, stric-

ture, phimosis, or it may be functional.

Chilling, exposure on
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auto rides, sitting on cold floors or in drafts are repeatedly given as possible exciting causes.

In the second type of

cases, besides the lowering of resistance due to infection, the
same factors are evident.
A great variety of organisms have been mentioned as
causes of pyelitis.
agent.

The gonococcus is infrequently the causal

The tubercle bacillus occasionally is found to be the

sole etiologic factor, but more often the colon bacillus is
associated.

In certain rare cases, no organisms were isolated by

the usual bacteriologic methods.

These infections are usually

with the tubercle bacillus, but, in rare instances, they may be
due to a streptothrix infection as described by Cecil and Hill
(26).

Soldin and Langer (27) believe that with the onset of

pyelitis the streptococcus lacticus, which is normally present
in the urine, is replaced by the colon bacillus.

Eelmholz and

Milliken (28) were unable to confirm these observations, and found
the organism in only 8 per cent of specimens of normal urine.
In most of the early work on pyelitis, cultures have
been taken only from the bladder.

In recent years studies of

ureteral cultures have been made by Hinman, Kretschmer, Helmholz
and others, showing that the pelves of the kidney are usually infected.

Thus far no serologic studies have been made to show

whether the colon bacillus found in the urine is specific to the
gastro-intestinal tract of the individual or whether it gains
access from the outside.

Herrold (29) has shown that colon bacil-

Ius from the feces and urine may be serologically and biologically
the same.

Normally the urethra does not contain bacilli of the

"1I<"_"_.. -r_"'~~,~~..~...,~~~"""""",=~""""",,,,,"'~"'~,,~~~~.l""_~~_'~""'"''''-'''~\,*__'''"'''''';t;,'''''"''''"''''''''''''"~ __ ~ __ ''i_''''_''''~_~~,;1,!;~~'"'"""",=-""",""""",_~

1
1

,_)
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colon group, and the organisms that are present are usually
staphlococci, or members of the pseudo-diphtheria group.

Schwartz

(30), in a study of the urine in eighteen unselected cases of
chronic gonococcus vulvovaginitis, found only gram-positive staphlococci and diphtheroid bacilli.
In diseases of the gastro-intestinal tract, gram-negative
bacilli are found frequently in the urinary passages.

Schwartz

(30) found tha'c in 63 per cent of patients suffering from gastrointestinal disorders there were gram-negative bacilli in the
catheterized urine, and in 21 per cent their number was sufficient
co indicate a bacilluria, which was twice as common in girls as in
boys.

Helmholz and Beeler (31) found that in gastro-intestinal

disturbances in the first year of life, the colon bacillus was
found in the urethra in about one-third of the cases; after this
age it was rarely found.
The usual mode of infection in pyelocystitis has not
been definitely determined, and the primary seat of infection is
no'c yet known.

In only relatively few cases has the inflammatory

process in the urinary tract been ascertained.

Necropsy findings

and ureteral catheterization demonstrate that the pelvis of the
kidney is not sufficient to localize the seat of infection.

Ex-

perimen'tally it has been shown that the upper urinary passages may
be infected by way of the blood and by way of the bladder.

Almost

all writers have observed that pyelocystitis is more common in
baby girls than in baby boys.

From 57 to 100 per cent of all

cases have been reported by various observers as occurring in
girls.

Because of the short urethra in the female, infection of
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the bladder from without is supposed to occur more readily.

This

led to the assumption that infections of the urinary tract were
by the ascending route.

The exposed portion of the female geni-

talia, and their constant contamination with feces during the diaper
age, make it seem likely that the colon bacilli reach the bladder
by way of the urethra.

In view of this, Smith (12) suggests that

microorganisms gain entrance to the blood stream by way of the
lymphatics of the external genitalia and thence to the kidney.

The

same fact may serve as a basis for the theories of the various
routes of infection, for example, the ascending and the hematogenous.

Another mode of infection, the transparietal mode of Franke

(32), is based on the existence of lymphatic anastomosis between
the ascending colon and the right kidney, but there is no exact
proof that pyelitis can be produced in this manner.

Jarrell (33),

however, declares this an ideal route to the bladder and ureters.
In favor of the hematogenous route the following evidence
is given: In 1896 Biedle and Kraus (16) demonstrated that live
colon bacilli and staphylococci could be eliminated from the blood
stream by way of the kidney without injury to the urinary tract.
It has further been shown by a number of observers that colon
bacilli are being absorbed into the gastro-intestinal tract, carried into the blood stream, and either destroyed there or excreted
by the kidney.
The excretion of typhoid bacilli in the urine without
infection of the urinary tract, and the occasional presence of the
tubercle bacilli in the urine without evidence of kidney damage,
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are further proofs that organisms are excreted through the kidney
during a bacteremia.

Brock (34) demonstrated positive cultures of

colon bacillus in 7 of 14 cases of bacilluria associated with infectious diarrhoea.

Cabot and Crabtree (35) demonstrated in the

adult positive cultures preceding urinary infections with the colon
bacillus.

Kowitz (21) found the colon bacillus in the blood and

urine in five cases of infectious diarrhoea.

Soldin and La.nger

(27) reported the isolation of the bacillus lacticus in the blood
of eight patients with severe nutritional disturbances.

On the

other hand, Levy (16) has shoVvn, in a series of 16 cases, that
there may be a definite colon bacillemiR without bacilluria.
Lepper (36) found that, in the rabbit, bacillemia may persist for
a number of days without the appearance of bacteria in the urine.
Magoun (37) demonstrated that bacteria enter the blood stream very
rapidly from an infected pelvis, particularly if there is a back
pressure.
The question of sterility of the urine is also of importance
in this connection.
,

If it is true, as Soldin and Langer

(27) hold, that bacteria are normally excreted by the kidney, the
evidence would be in favor of the hematogenous route.

But with

their technique it is impossible not to carry in an occasional
organism with the catheter.

The work of Helmholz and Beeler (3J.)

demonstrated that in the normal infants organisms were only occasionally in the bladder urine obtained with proper precautions,
and that the organisms were usually of the coccus or diphtheroid
type.

Because of their number it was assumed that they were car-

ried in with the catheter-.

Soldin and Langer (27), in a later study

of 1:56 cases, found the streptococcus laoticus in 128 cases; i.n
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16 associated with colon bacillus.

In the 11 remaining cases they

found colon bacillus 9.1 one , and in four other cases bacillus lactus aerogenes.
others~

The difference between their results and those of

they ascribed to the fact that they used a liquid medium

which, they claimed, was essential to the growth of the streptococcus lacticus.

Helmholz and Beeler (28), using the same technique,

were able to find the streptococcus lacticus in only 8 per cent,
and in only a few instances were able to demonstrate the organism
in the liquid media when it could not also be demonstrated in the
solid media.

Beeler and Helmholz (38) and Schwartz (39) demonstra-

ted that in parenteral infection and in gastroenteritis the colon
bacillus is much more often found in catheterized specimens of
urine.

Schwartz found that in cases of gastroenteritis 63 per cent

revealed gram-negative bacilli.
DUring recent years there has been a growing conviction
among pediatricians that throat infections are often accompanied
by pyuria, and that the pyuria disappears soon after the throat
inflamrnation subsides.

Children often show repeated attacks of

pyelitis following tonsil infections, and the tonsil-adenoid operation is advised (40).
Pyelitis following throat infections would presumably
be carried by the blood stream, and might be a streptococcus, unless a lowered resistance would invite some other infection (33).
In favor of the ascending mode of infection is: (1)
the frequency in which pyelitis occurs in girls; (2) the incompetency of the ureteral valve in the blB.dder; and (3) the fact tha.t
bacteria can enter the blood stream from an infected pelvis (41).
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The production of pyelitis in experimental animals with
the colon bacillus was difficult, unless there was an obstruction
to the outflow of urine.

In the course of their experiments,

Beeler and Helmholz (31) found one exception to this, with an
organism isolated from a case of spontaneous pyelitis in rabbits.
With this organism they were able to produce pyelitis in about twothirds of the animals injected, both by intravenous and bladder injection.
Histologically, Helrriholz (41) pointed out certain differences distinguishing the experimental ascending pyelitis from the
hematogenous form.

The latter was characterized by cortical and

medullary abscesses, and subepithelial infiltration, especially of
,_

the papilla.

The parietal portion of the pelvis was not inflamed."

The ascending form, in many instances, showed peri-ureteral inflammation, marked purulent infiltration around the proximal end of
the ureter with extension into the peripelvic fat.
In two recent articles (1929) Helmholz (42, 43) describes
his experiments with rabbits and concludes that so far as his
study is applicable to conditions in human beings, infections of
the urinary tract in infants take place by the ascending route.
Cole (1929) (44) also believes the ascending route to be the most
common mode of infection since the colon bacillus is the most frequent organism found, travelling through the short female urethra,
and by means of the lymphatics from the colon and rectum.
On the other hand, Robertson (45) believes that the evidence available points more to a focal suppurative nephritis as the
cause of the symptoms.

He states that direct spread of infection
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by the urinary passages can take place against the direction of
the urinary stream only if reverse peristalsis be present, which,
in the obstruction, has never been demonstrated.
The peculiar nature of the circulfttion through the kidney makes it more liable than any other organ in the body to
become the seat of focal infection through the general circulat;ion.
The arteries supplying the parenchyma are end arteries.

No anasto-

mosis takes place between one blood vessel and another.

Also it

has been found impossible to reverse the circulation through the
kidney (45), so that occlusion of a blood vessel absolutely shuts
off a portion of the kidney substs.nce from circulation and provides an opportunity more favorable than can be obtained anywhere
else for the growth of microorganisms.

The renal artery,

howev~r,

-'''~

supplies the pelvis of the kidney as well as the parenchyma, but
here the circulation is of a more usual nature; the arteries are
not end arteries and anastomosis takes place between the various
branches.
There seems to be as yet no evidence that there is a
distinctive pathologic lesion for ascending pyelitis, as compared
with the hematogenous form, but lesions in the pelvis when
associated with cortical abscesses are likely to be of hematogenous origin.
The evidence thus far presented indicates that pyelitis
may be caused either

by

the ascending or the hematogenous route.

Knowledge in regard to which infections are limited to the bladder and which involve the entire urinary tract is so insufficient
that it may not be decided which is the more likely mode of infection.
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Little is known concerning the morbid anatomy of simple
pyelitis (16).

Often in long continued cases of so-called pyelitis,

the pelvis of the kidney may appear entirely normal microscopically.
At present these vary from almost complete destruction of the kidney
to an organ which appears almost normal at necropsy.

In cases of

simple pyelitis, in which the patient dies from some other cause,
the renal pelvis shows no demonstrable changes.
In a recent article, Wilson and Schloss (46) reviewed the
post mortem examination of 49 children and infants whose urine contained pus during life, some as long as two years before death.

In

only two was there definite evidence of inflammation of the pelvic
mucosa.

In practically all there was definite evidence of suppur-

ative interstitial nephritis.

In those who had recovered from so-

called pyelitis, there were scars found showing that there had been
suppurative interstitial nephritis.
Jarrell (33) states that recent work on the pathologic
anatomy, as found at necropsy, discloses the fact that changes are
found in the pelvis and also in the parenchyma in practically all
cases, but does not describe these changes.

Unless the post mortem

examination is made almost immediately after death, the urine
destroys, to a considera Ie extent, the lining mucous membrane.
In the more severe cases there may be a thickening of the mucosa
and numerous 4emorrhages
The kidneys of patients dying from urinary infection by
way of the blood stream .ay show very marked changes.
are generally due to a d mming back of the urine and
with infection of the ur nary substance (24).

The lesions
infection~

The pathologic

-13picture varies with the chronicity of the obstruction and the time
infection took place.

Inflammation of the nelvis superimposed on

hydronephros is will disclose a markedly dilated pel vis wit;h a
flattening out of the papillae, dilation of the calices, and a
marked involvement of the kidney substance.

In the chronic cases

there may be miliary abscesses throughout the cortex and purulent
streaks radiating upward from the papillae.

In more acute cases,

the process may manifest itself as a non-purulent pyelonephritis
with great swelling of the kidney, fatty degeneration, and
necrosis (42).

Obstruction may be due to calculi, postureteral

strictures, congenital anomalies, or inflammatory in character.
Histologically simple pyelitis is characterized by
slight changes in the lining of the pelvis.

Where the cases are

more chronic, there is usually a definite increase in the subepithelial connective tissue, infiltration of the parenchyma with
lyraphoid cells, and a tendency for a single layer of empithelium,
rather than the stratified epithelium of the normal pelvis.

In

cystitis the evidence of infiltration of the mucous membrane is
usually marked, as is also the subepithelial collection of leucocytes.
Many writers have noted the frequency of relapses in
pyelitis.

Goppert (16) gives several instances even after years

I

bf apparently normal health and negative findings in the urine.
Ross (62) cls.ims that these cases are reinfections rather than
relapses.

In almost all articles the frequency of relapses is

commented on.

This is probably due, to a great extent, to the

fact that the clinical symptoms disappear much earlier than does
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the inflammatory condition in the urinary tract, and a sudden
rise in temperature in a patient who has been free from fever and
other symptoms for some time is usually considered a relapse when,
in reality, it is merely a return of symptoms (16).
Almost all pediatricians seem to consider absence of
foreign elements in the urine satisfactory evidence of a cure.
Before pronouncing recovery in cases of pyelitis it is necessary
that at least two sterile cllltures be taken at intervals of several
days.
When acute pyelitis becomes chronic, it is usually because of (1) severe nutritional disturbance, (2) focal infection
elsewhere, (3) inadequate treatment, or (4) urinary obstruction
such as stones of the kidney, ureter or bladder, dilated ureters,
duplication of ureters, neuromuscular dysfunction of the bladder,
and stricture of the ureter or urethra (47).
The disease in the infant, whether severe or mild, is
characterized by the absence of any signs localizing the condition in the urinary tract.

Even in mOl?eSeVere cases,

symptoms are present in less than 3 per cent.
ally acute, with ffever.

bladdel~

The onset is usu-

The child may show no other evidence of

illness but in many instances an ashen pallor, an unexplained
restlessness, and an anxious facial expression characterize the
onset.

Vfuether the colicky pains occasionally noted are of

renal origin or are due to secondary gastro-intestinal disturbance is hard to determine.

The fever may be so slight that,

unless a thermometer is used, nothing abnormal is suspected.
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Urinary findings alone are pathognomonic.

So well established is

the clinical entity of high fever, pallor and restlessness, without
other f:i.ndings in the routine physical examination, that the diagnosis of pyelitis is often made before the urine is examined.

In

severe cases there may be rigidity of the neck, and even convulsions, suggesting a slight degree of infection of the meninges (33).
One type of onset is in association with various infections of the upper respiratory tract, bronchitis, otitis, tonsillitis and adenitis.

In such cases persistent temperature beyond

the usual period may be due to a complicating pyelitis.

There is

nothing in the symptomotology diagnostic of the infection, and
only the presence of fever not adequately explained by the physical data suggests the urinary infection.

In the marantic infant

even the fever may be absent.
In the older child symptoms pointing to involvement
of the urinary tract may also be absent.

Occasionally one patient

may complain of low abdominal pain, burning on urination, or tenderness, but usually local signs are absent.

In the

gre~te:r

nUln-

ber of cases, pyelitis manifests itself as it does in the younger
chl1d, by fever resembling typhoid.

With gradually rising fever,

and practically negative physical data, except for a possibly
palpable spleen and a leucocyte count Ghat may be normal, the picture is suggestive of typhoid and remains so until a negatlve
Widal and a positive culture of the urine establish the diagnosis
of pyelitis (48).
Whether the nature of the infecting organism, or portion of the urinary tract involved accounts for the difference in

-16clinical picture is difficult to determine, but with identical
findings in the urine, one patient may be perfectly lNell except
for a high fever,

~:md

another may have very marked systemic intox-

ication characterized by coma, nausea, vomiting, diarrhoea, and
rigidity of the neck.

This latter group is often mistaken for

nneumonia, meningitis, or acute gastro-enteritis.

Secondarily

ther'e is an involvement of the kidney substance, which can be demonstrated by enlargement of both kidneys.
Various types of fever may accompany pyelitis.

As a

rule, the temperature is 102, often reaching to 105 arid 106 degrees.
The fever is usually remittant.

There are many variations, the

mild form in which the temperature rarely goes over 100, and the
septic form in which it varies from 98 to 106 degrees.
type, at onset and during its course, chills may occur.

In this
In cer-

tain cases, the temperature is constantly high, much as in pneumonia, and ends with a crisis.

The attack may be preceded by a

chill, although this is not the rule (44).

During the period of

fever the child is fretful and uncomfortable but not prostrated.
After the fever passes the child is usmtlly weak, but bright, and
shows no other signs of having been ill.

It is at this point that

one is prone to mistake the condition for indigestion or some trivial gastro-intestinal disturbance, and pass it off lightly.

How-

ever, after two or three days of quiesence the temperature again
rises, runs a high irregular course for a few days to again subs ide.

There may be abdominal pains v/ith frequency of urination,

but as a rule these symptoms are absent.
A transient blocking of the ureter may cause a sudden
rise of temperature when the urine is almost free from pus; with
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relief from the obstruction -there is a droD in temperat;ure and a
shower of pus in the urine.

A similar decline in the temperature

is occasionally seen in infants who have refused all fluid for a
time, and are then given large amounts by stomach tube or intravenously.
Soldin and Langer (27), Langstein and others claim that
all cases of pyelitis are secondary.

The consensus of opinion,

however, seems to be that there is definitely a group of primary
as well as secondary cases.

The primary group is typified by the

well-developed breast-fed infant v/ho is suddenly taken ill with
a.n infection of the urinary tract.

The cases in the secondary

group follow infections of the upper respira.tory tract, and the
disturbances of the gastro-intestinal tract.

The first group is

often overlooked, because the secondary gastro-intestinal symptoms
are held accountable for the febrile attack.

The secondary group

is even more often overlooked because the urine is normal when
examined at the onset of the acute illness, and is not reexamined
when the complicating pyelitis sets in.
In the newborn infant, pyelitis is more common than is
supposed and has been little mentioned in textbooks.

It is over-

looked at this time, as in later years, because urinalysis has
not been performed.

An unexplained fever occurring in the first

two weeks of life may be due to a pyelitis.
Helmholz (49) re1.')orts four cases, three of which were
boys.

The boys were infected by the colon bacillus, the girl by

the staphylococcus aureus, later by the colon bacillus which finally replaced the staphylococcus entirely.

Three patients had no
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definite symptoms, and the fourth had symptoms entirely referable
to the gastro-intestinal tract.

The clinical picture was that of

an unexplained fever in an apparently normal newborn infant.
two instances the fever gradually increased to 104 degrees.
diagnoses were made by examination of the urine.

In
The

The infection in

the boys cleared up rapidly, the urine becoming sterile in three
weeks.

The infection in the girl persisted for more than three

months.

Kovalesky and Moro (14) reported a case of pyelitis due

to colon bacillus in an infant aged eight days who died.

Smith

(12) reported a series of cases with favorable outcome.
The course of pyelitis in patients is usually favorable.
The acute symptoms may be very severe and the temperature reach
106 degrees and remain elevated for days.

It is very rare, how-

ever, that infants die from simple acute pyelitis, it usually being the complicating nephritis which causes death.

This may occur

either in the form of multiple abscesses of the parenchyma of the
kidney, Or as a generalized pyelonephrosis with a complete suppression of kidney activity_

Renal complications are especially likely

to occur if there is obstruction to the urinary flow.
The COUI'se of pyelitis is, to a degree, dependent on
whether it is a primary infection, or secondary to some extraurinary infection.

As a rule the course of a secondary pyelitis is

more favorable than that of a primary, especially in regard to their
duration.

There is a distinct tendency for the secondary pyelitis

to moderate when the primary infection subsides.
At the onset, the symptoms are no indication of the
probable course of the disease, nor is there any connection between

-19the lessening of the general symptoms and the evidences of infection in the urinary tract.

The child may appear to be well and

still there may be pus in the urine for days or weeks after the
temperature has dropped to normal, as when the most severe symptoms
are present.

As a rule, the acute general symptoms - fever, rest-

lessness, and lack of appetite - persist from 10 days to two weeks.
In the severe cases an acute course may last from three to four
weeks in spite of all therapeutic measures.
for years.

Some cases continue

There may be pus in the urine constantly and absence

of fever with occasional period of irregular fever.

Some cases

run an afebrile course for weeks and months and then have a return.

In these recurrences there may be an extension of the in-

volvement to the kidney substance.

The question of recurrent

pyelitis is stressed by many authors, but in no series has urine
been found to be sterile on repeated examinations.

Pyelitis of

infancy persisting for more than the second or third year raises
the suspicion that there is some anatomic condition interfering
with the outflow of urine (16).
The involvement of the kidneys may come on with a relapse, usually associated with violent symptoms, such as hyperpyrexia, convulsions, and early death.

Objectively, the only

finding on physical examination is a swelling of the kidneys.

In

infants the infectious process may produce the gradual lessening
of tolerance for food, and death from inanition may follow, in
spite of the best hygienic conditions and feeding.
The relation of pyelitis in infancy and childhood to
that of pregnancy is still disputed.

F'r:Jm the lack of evidence

of such distul"bance in early life, it seems likely that the two
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are not related.
As long as the process is limited to the pelvis of the
kidney the outlook is good, but with the involvement of the kidney the prognosis becomes dependent on the extent of such involvement.

The kidney may be affected primarily or secondarily.

If

it is acute, the child usually dies in a few days from diffuse
pyelonephritis; if subacute, the kidney may be filled with multiple abscesses, which gradually destroy its function, and end
finally in multiple sacs of pus, making it difficult to find normal
kidney parenchyraa.

In this group of cases the phenolsulpho-

phthalein excretion, and the blood urea findings help determine
the probable outcome.
If pus in the urine is evidence of a general septic
condition the prognosis is bad.

Involvement of the kidney and

malformation of the urinary tract which cannot be relieved surgically make the prognosis bad.

The mortality is variable.

Helmholz (16) states that in private practice only one patient
with uncomplicated pyelitis died.

Goppert (11) gives a mortal-

ity of 30 per cent.
The diagnosis of pyelitis in almost all instances is
made by examining the urine.

However, complete diagnosis of in-

fections of the kidney should include: (1) the determining of the
presence of an infection; (2) the identity of the infecting
organism; (3) the source of the infection; (4) the severity and
extent of the lesion; (5) the amount of damage done to the secreting parenchyma, and 16) whether any obstruction is present, and,
if present, its nature (50).
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With a test tube and adhesive plaster the urine may be
easily obtained from the boys, and by using a wide adhesive strip,
both front and back, from the girls also.

The Spicer urinal is

more convenient.
It is always wise never to make a diagnosis of pyelitis
which is not based on the finding of bacteria and pus in a catherized specimen of urine.

Even after washing the infant carefully

before applying the urinal it is at times difficult to know whether
an infection exists.

Many so-called cases of nyelitis in girls,

complicating extra-urinary infections, are nothing more than the
mild vaginitis which may occur with a febrile attack.
All urine in children, especially girls, contains nus
in a centrifuged specimen.

In health, in the uncentrifuged, in

boys, there are not more than four to six cells in a low power
field; in girls from six to eight.

Unless there are fifteen or

more cells to the field, one is not warranted in making a diagnosis.

Numerous bacteria in a very fresh specimen is also consid-

ered diagnostic (46).
Campbell (1929) (51) decries the tendency to a diagnosis of chronic pyelitis upon the discovery of a chronic pyuria.
He states that in nearly all these cases the urinary infection
and nyuria are perpetuated by faulty drainage with resultant
stasis.

A thorough study of the renal disease in these patients

shows that the renal pelvis is exempt from inflammation comparable
,-

to the clinical manifestations and that the true underlying lesion
is a chronic suppurative lesion of the interstitial type.
struction in nearly 95 per cent of these patients is either

The ob-

-22organic or neurogenic (neuromuscular).
Helmholz (52) reports fifteen cases of neuromuscular dysfunction of the bladder in children vmose ages range from a few
days to 14 years.

Ten of the cases were of the cord-bladder type,

four of the atonic type, and in one there was complete relaxation
of the bladder sphincter.

Dj.agnosis was made by cystoscope and

roentgenogram.
Annomalies of the urinary tract are not uncommon, as
shown by Bugbee and Wollenstein's (53) series of 4903 autopsies
in infants, 101 of whom were under one year of age.

These

authors found ten horsehoe kidneys, fifteen rudimentary kidneys,
-

five cases of redundancy of kidney substance, three fused kidneys,
one single kidney, and one case of double ureters.

These con-

ditions have an important bearing on the diagnosis and treatment
of superimposed infections and other accompanying pathology.
Vlhen evidence of infection persists longer than four
to six weeks in spite of intensive medical theropy, complete
urological examination is indicated (51).
The most inmortant feature in treatment is the washing
out of the urinsl"'Y passages (54).

The process of flushing is

limited by the amount of fluid the child can take.

Occasionally

infants will refuse to take fluid, or many be so toxic they cannot take it.
be used.

Then a stomach tube, or better, a nasal tube, may

The fOJd intake should be limited considerably in

order to utilize the appetite in an effort to increase the fluid
intake.

An attempt should be made to give an infant at least a
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quart of fluid each 24 hours in addition to its food, and as much
more as possible.

Infants usually prefer water, either plain or

sweetened slightly with sa.ccharine, V'lith lemon juice a.dded (46).
~ben

because of vomiting it is impossible to force

fluids by mouth, they may be given by rectum.

If given this way,

they are best administered by the interrupted ra.ther than the continuous method or the Murphy drip.

Most infants will absorb from

60-100 c.c. given high in the sigmoid at intervals of from three
to four hours.

The buttocks should be held together from 5 to 10

minutes after the e.dministration.

In this way 450 to '750 c.c. of

fluid can be given during the 24 hours.

c_

The best solution is '7

per cent. glucose to aid in maintaining the nutrition, although
physiological salt solution may be given.
soda bicarbonate may be given this way.

If alkalies are used,
When it is imoossible to

give fluids ora1ly or rectally, the i.ntra-peritoneal route is to
be used.

Large amounts of fluid - 100 to 400 c.c., depending upon

the size of the child - may be given at each injecti.on.

Administra-

tion is continued until the abdominal wall becomes definitely tense.
Absorption is very rapid, s.nd injection may be repeated at intervals of from 6 to 8 houI's.

If, because of marked distension, it

is considered dangerous to give the intra-peritoneal injection,
physiological salt solution or " per cent glucose may be given subcutaneously or intravenously.
Besides the use of water there s.re three plans of medicinal treatment:

(1) alkaline treatment, (2) the acid-urotropin

treatment, (3) the hexylresorcinal treatment.

The alkaline treat-

ment has given the best results in the acute cases.

These are 00-
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In certain severe cases

large doses may be required to obtain this result.

As a routine

procedure, equal parts of sodium bicarbonate and citrate may be
given in 10 grain doses six times in 24 hours to infants under six
months of age.

This dose may be doubled each day untj.l the urine

becomes definitely alkaline.

For infants over six months 15

grains are used in the same manner.

Usually when alkalinize.tion

of the urine is s.ccomplished the temperature drops to normal,
although this is not always true.

Although the temperature returns

to normal, the ur:Lnary findings remain practically the same, for
it is not possible to alkalinize the urine sufficiently to inhibit
the growth of the colon bacillus.

The most alkaline urine obtain-

able has a hydrogen-ion concentration of 8.6 but the colon bacillus
does not stop growth until 9.4 is reached.

It is likely that the

beneficial effect of the alkali, besides its diuretic effect, is
by a direct action on the tissues rather than on the bacteria (16).
The alkali treatment defj.nitely hastens symptomatic improvement,
the temperature drops to normal, and the child's general condition
appears improved.

The urine alone remains unchanged.

It may be

difficult, with alkalies alone, to overcome the infection.
Helmholz (1929) (43) reports a series of experiments
in which colon bacilli were grown for a number of generations i.n
acid and alkaline broth, finding that in no instance was there any
retardation of growth when the organism was transfered from an
acid broth of a hydrogen-ion concentration of pH 5.5 to an alkaline
broth of a pH 8.4, but that there vms almost complete inhibition

-25of growth for from four to six hours when the transfer was made
from alkaline to acj.d.

Moore (55) favors the use of alkalies, fol-

lowed in four days by urotropin and sodium benzoate, then reve!'ting again to the alkali.

He claims better results by this method

and declares that the danger of producing an alkalosis is lessened.
Next to the alkalies, the urinary antiseptics are of the
most value in the treatment.
most commonly used.
chronic cases.

Of these, urotropin and salol are

Urotropin seems to give the best results in

Some individuals have an idiosyncracy to it,

small doses producing hematuria. and vomiting.

Its action depends

on the liberatj.on of formaldehyde, this occurring in an acid urlne.
The colon group is particule.rly susceptible to its action (56).
Tbe dosage depends upon the physician, varying from 40 to 90
grains per day (46).
Hexylresorcinal

2S

a urinary antiseptic was first

tried by Leonard in 1925 (57).

He showed that its bacteriocidal

action was equally effective in acid or alkaline urine and that
forcing of fluids was a detriment to its action through the reduction of its surface tension.

For administration to children

it is put up in a 2~ per cent. solution in olive oil, making a
strength of l~ grains to the dram.

The duration of this treat-

ment is from 60 to 150 days, graduating the dosage according to
the progress shov\1!l by symptoms and urinary findings, being from
one to three teaspoonsful three to four times a day.
ness of the drug's action seems to

contr~indicate

The slow-

its use in the

acute stage, as the acute symptoms may be relieved readily by
other methods mentioned.

Helmholz (58), in a series of fourteen
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cases, carried on treatment with hexylresorcinal for a period of
from one to six weeks and was successful in only one case.

How-

ever, he did not restrict fluids, as was suggested by Leonard, and
never carried treatment for longer than 49 days.

The use of this

drug bears much further investigation.
Local treatments have been used with good results, but
catheterization of an infant's ureter is difficult and must be
done under genera.l anesthetic.

It has been recoIP.mended also in

acute cases with apparent blocking of the ureter, as evidenced by
sudden cessa.tion of pus in the urine.

Irrigation of the bladder

with silver nitrate, or boric acid solution has not produced a
cure with most men, a.lthough Hirst (59), and Paulson (60), recently
have again advocated its use.
In most instances pyelitis has been uninfluenced by the
use of vaccines made from cultures of the patient's urlne.

Re-

cently Cowie (61) has reported good results with the use of foreign
proteins.
The group of cases in which the condition cannot be
cleared

UD

by treatment must be carefully studied.

examinations should be made:

The following

blood urea, return of phenolsulphone-

phthalein, roentgenogram of the kidney ureters and bladder, cystogram, cystoscopic examimttion and pyelogram.

Uroselectin may be

given intravenously to aid diagnosis by pyelogram (63).

In this

way it may be possible to discover the true nature of the urinary
anomally.

Close cooperation of pediatrician and urologist will

undoubtedly save much valuable time in the treatment of these
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cases and prevent much injury to the kidneys (48).
In infancy particularly the general nutritional condition
of the patient must be carefully watched and when one considers
the large amounts of fluid that must be administered it is easily
seen that food may be difficult to give in proper amounts.

As

soon as the nausea and vomiting have disappeared, small amounts of
milk should be given if possible.

If this is not available albumin

or lactic acid milk, beginning with about a third the required
amount of food and increasing up to about two-thirds, may be tried.
Milk, diluted alkaline water, some cereal and fruit juice may be
given.

Older children may have bread and butter, cereals, stewed

fruits, cooked vegetables, and pudding.

Goppert and Langstein,

in addition to the s.bove mentioned foods, give meat and eggs in
the afebrile

ca~es.

High fever should be combated by tepid packs,

or by the administration of 0.25 grains of pyramidon (48).
The child should remain in bed until the fever has entirely subsided, and, in severe cases, seven to ten days longer.
pain and tenderness should be treated by hot applications and
opiates.

Looal

CONCJ~USIO NS

1.

Pyelitis comprises about 1 per cent. of all cases seen by
pediatricians.

2.

It is a disease of the diaper age.

3.

Over 57 per cent. of cases are girls.

4.

The colon bacillus is the usual causative organism.

5.

Hematogenous and ascending routes of infection most common.
Not definitely determined which is the more connnon.

6.

Simple pyelitis is rarely fatal, death occurring from the
complica.ting nephritis.

7.

Must be 15 or more pus cells to the low powered field in an
uncentrifuged specimen for diagnosis.

8.

Radiographic examination necessary when ordinary treatment
does not cause a cure.

9.

Treatment eonsists in flushing the urinary passs.ges with
water; alkalinization of the urine; the acid-urotropin treatment; removal of anatomical detects or obstructions; rest in
bed and care of the general nutrition.
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